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Passive radar is an exploration technique using echoes of strong natural radio emissions such as planetary auroral radio
waves phenomena that are reflected at the solid surface and the ionosphere of target bodies. The passive radar has been
studied for observations of the subsurface structure of Jupiter’s icy moons with the JUICE spacecraft [Kumamoto et al.
2016], and applied to auroral kilometric radiation (AKR) to search the lunar ionosphere [Goto et al.,2011]. This study
investigates a method to explore the lunar regolith layer and the subsurface structure using AKR observed by the Lunar Radar
Sounder (LRS) onboard the lunar orbiter Kaguya. The LRS consists of three subsystems: the sounder transmitter/receiver
(SDR), the HF natural wave receiver (NPW), and the VLF waveform receiver (WFC). The LRS-NPW is capable of natural
wave observation in the frequency range of 20 kHz to 30 MHz, and the AKR observed by the NPW is used in this study.
This study has two purposes. The first one is to explore the subsurface structure of the Moon from dynamic spectra of
AKR observed by the LRS-NPW. To detect the lunar subsurface structure, we will use the interference patterns between
direct waves of AKR propagating from the Earth and those reflected from the lunar surface and subsurface structures. Since
the frequency of AKR (several 10 to several 100 kHz) is lower than active radar sounders (LRS-SDR, 4-6 MHz), it has
the potential to explore deeper subsurface structures than active radar sounders. In this study, the dynamic spectrum was
modeled by calculating the interference fringes on the radio spectrum at the position of Kaguya. The second purpose is
global exploration of the physical properties of the lunar regolith layers, which will allow estimation of the permittivity of
lunar surface materials from the surface echo intensity, since the longer wavelength of AKR (the order of 1 km) could reduce
the effect of lunar surface irregularities on the surface echo intensity. Therefore, the dielectric constant of lunar surface
materials could be estimated from the surface echo intensity. Since the dielectric permittivity obtained from return samples of
the Apollo program depends on local characteristics of the Lunar surface, the remote sensing technique will enable to obtain
a global survey of the regolith layer material of Moon. For these purposes, a two-layer subsurface structure was assumed,
with a relative permittivity of 4.0 for the first layer from the lunar surface, 8.0 for the second layer, and the thickness of
the first layer of 1 km. To consider the attenuation of radio waves in the first layer, the loss tangents of 0.01 and 0.003 are
assumed. Under the above assumptions, the interference fringes at the position of Kaguya were calculated, and the frequency
interval and amplitude of the interference fringes were derived. When the incident angle of AKR to the Lunar surface is 0
degrees, the frequency interval and amplitude of the interference fringes caused by direct and surface-reflected waves are 1.5
kHz and 6.0 dB, respectively. The frequency interval of the interference fringes between the surface and subsurface reflected
waves was 75 kHz, and the amplitude was about 0.5 dB for a loss tangent of 0.01 and about 0.8 dB for a loss tangent of
0.003. Since the frequency resolution of LRS-NPW is 6 kHz, interference fringes due to direct-directed and surface-reflected
waves cannot be observed if the incident angle is small. The interval of interference fringes increases as the incident angle
increases [Kumamoto et al., 2016], and simulation results show that interference fringes can be observed with the LRS-NPW
frequency resolution if the incident angle is larger than 79.2degree. Based on these studies, we have completed development
of a tool to simulate interference fringes at arbitrary position of Kaguya. We will identify areas on the lunar surface where
interference fringes are observed and investigate the subsurface structure of the lunar surface and the permittivity of materials
in the regolith layer.
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